ABSTRACT INTRODUCTION: Photodynamic therapy is a topical treatment of pathogens that involves the use of a photoactive dye (photosensitizer), which is non-toxic when not exposed to light and activated by light of a specifi c wavelength in the presence of oxygen. The highly cytotoxic oxygen species generated by the induced photophysical processes inactivate the pathogenic cells. The PURPOSE of this study was to present a new method we developed for photodynamic disinfection of prostheses and impressions in prosthetic dentistry and to assess its effectiveness in comparison with some conventional methods of disinfection. MATERIALS AND METHODS: The method was developed on the basis of series of experimental studies (30 experiments for each type of disinfectant, 30 controls with no disinfection for each material, and 30 direct cultures of each test microorganism -MRSA, P. aeruginosa and C. albicans) using standard test specimens made of prosthesis plastic and impression materials. RESULTS: The new method of photodynamic disinfection with GaPc1 as photosensitizer was 100% effi cient in C-silicones, A-silicones and polyethers, but not in alginates (40%). To plastics the photodynamic method shows the same effi ciency as the conventional disinfectants of hypochlorite solutions and denture cleansing tablets (100% effect). CONCLUSION: The method of photodynamic disinfection we developed is a good therapeutic choice against orally transmitted diseases in prosthetic dentistry.
INTRODUCTION
Dental practitioners come into regular contact with patients which makes it possible for a cross contamination to occur involving the body fl uids residing pathogens. This is the reason why the American Dental Association 1 recommends that patients should be considered a potential source of contamination.
Two areas for the control of cross contamination have been established in prosthetic dentistry: disinfection of impressions and disinfection of prostheses. Two impression disinfection methods have been routinely used in dental practice: immersion and spraying the denture or the impression. 1, 2 There is a risk of imbibition in the former and unequal distribution of disinfectant on the impression surface in the latter. The most commonly used method for prostheses is the chemical disinfection. 1 Its shortcomings are associated with discolouration of prosthetic materials and imbibition of disinfectant ingredients and their subsequent emission in the oral cavity. [3] [4] [5] These shortcomings of the established methods for disinfection of impressions and dentures justify the efforts to search for a new alternative method. This idea can be realized through the introduction of new, hitherto unused prosthetic dentistry techniques. It involves the use of photo-active dyephotosensitizer (PS) which is activated by light of a specifi c wavelength in the presence of oxygen. The transfer of energy or electron/proton from the light-activated PS to atmospheric oxygen results in highly toxic oxygen formations as free radicals, superoxide ions and singlet oxygen ¹O 2 . Reactive oxygen forms participate in redox processes of cell structures (lipids, amino acids, DNA), leading to inactivation of the pathogens.
The aim of this study was to present a new method developed by us for photodynamic disinfection of prosthetic constructions and impressions in prosthetic dentistry and to assess its effectiveness as compared to classical methods of disinfection.
MATERIALS AND METHODS

MATERIALS
Standard test models
For the development and approbation of the new method we carried out in vitro experiments on standard test specimens made of impression materials and plastics for prostheses. Test specimens have the form of a disc with a diameter of 7 mm and are 4 mm thick. Special aluminium and steel casts with openings of the same dimensions were used in their manufacturing. Four groups of impression materials were used -alginate (Cavex Color Change, Cavex), condensation silicone (Swiss Tec, Light body, Coltene), additive silicone (Cavex Silicone injection, Light body, Cavex) and polyether (Impregum F, 3M ESPE), and two groups of plastics -thermal polymerising (TA) -Superacryl Plus, Spofa Dental and self-polymerising (SP) -Duracryl Plus, Spofa Dental. Test samples were packaged and autoclaved at 121º C and a pressure of 2 atm. for 1 hour.
Test microorganisms
For contamination of specimens in carrying out the in vitro studies we chose the three most common pathogens in the oral cavity: reference strains of methicillin-resistant Staphylococcus aureus 1337 (MRSA), Pseudomonas aeruginosa ATCC 27853, and Candida albicans (Robin) Berkhout 1923, provided to us by the Bulgarian Bank for Microorganisms at the Institute of Microbiology, Academy of Sciences -Sofi a.
Classical disinfectants
To assess and compare the extent of photodynamic disinfection of impression materials two approved disinfectants for impressions have been used -1% solution (Zeta 7 Solution, Zhermack) and spray (Zeta 7 Spray, Zhermack). Cleaning tablets (Corega Tabs Bio Formula, Glaxo Smith Kline) and 0.5% solution of sodium hypochlorite were used as classical disinfectants for plastics for prostheses .
Photosensitizers
Three water-soluble phthalocyanine complexes of biologically compatible metals (Ga, Zn, Si) -second-generation photosensitizers, have been used for in vitro photodynamic disinfection of standard test specimens made from impression materials and plastics. 8, 9 These are gallium (GaPc1), zinc (ZnPc1) and silicon phthalocyanine (SiPc1).
Light Source
The listed photosensitizers are sensitive to red light with a wavelength of 600 to 670 nm, therefore, a red light source (LED lamp) with a wavelength of 635 nm was utilized for the experiments.
Microbiological materials
Sterile microbiological plates (Tissue culture test plate, 12 wells -PS, TPP, Switzerland) and nourishing media -Trypticase soy agar with 5% sheep blood in Petri dishes (BD BBL ™ Stacker ™ Plates, Becton Dickinson GmbH, Germany) have been used to perform the in vitro experimental studies.
METHODS
There are two established methods for disinfection of impressions -by immersion and by spraying. The most commonly used method for prostheses is also chemical disinfection by immersion.
The new method of photodynamic disinfection of impressions and prosthetic structures we offer consists in the following:
• immersion in a solution of photosensitizer (10 micrograms/l) for 10 minutes; • removal from the solution and irradiation with light to which the photosensitizer is sensitive (red light with a wavelength of 635 nm) for 10 minutes.
Microbiological methods
In order to develop the new method we carried out in vitro experimental studies on standard test specimens made of plastics for prostheses and impression materials (30 experiments for each type of disinfectant, 30 controls without disinfection for each of the materials and 30 direct plating of each test microorganism).
The specimens were distributed into sterile plates with 12 wells for microbiological studies (Tissue culture test plate, 12 wells -PS, TPP, Switzerland). Of the strains with test microorganisms suspensions were prepared in physiological saline 0. Specimens in the plates were infected with the three types of microorganisms to determine whether the test materials do or do not retain microorganisms on their surface. These were then used to make an impression and plating on blood agar. The controls obtained in this manner determine the extent of retention of microorganisms on the surface of materials.
From the available PS we prepared successively solutions in 0.9% NaCl (saline solution) in concentration of 10 μl/ml, in which the specimens were immersed, whereas each plate was of a different photosensitizer. Specimens were kept for 10 min in the solution and were then irradiated for 10 min with red light with wavelength of 635 nm. Then each specimen was used for imprinting and plating.
As classical disinfectants for impression materials we chose the disinfectant Zeta 7 Solution, Zhermack (1% solution) and the disinfectant spray -Zeta 7 Spray, Zhermack. For plastics we used 0.5% solution of sodium hypochlorite and cleaning tablets containing sodium bicarbonate -Corega Tabs Bio Formula (Glaxo Smith Kline). The specimens stayed in the plates with disinfectants for 10 min, after which they were used in the manufacture of an impression and plating on blood agar.
Statistics
Statistical methods used for data processing An alternative analysis to estimate the proportion of positive results and standard error was used in statistical data processing. A parametric test was performed with the U-criterion for comparison of the relative frequencies for sterile samples of the same material with different disinfectants.
RESULTS
The results of the disinfection of various impression materials and plastics for prostheses regarding the three types of test microorganisms are presented in the following end-result tables:
Regarding the results obtained by the use of 0.5% sodium hypochlorite and cleaning tablets Corega Tabs Bio Formula (Glaxo Smith Kline) and photodynamic disinfection with GaPc1 photosensitizer and irradiation with red light with wavelength of 635 nm of both plastic models, tests results from all experiments show that samples are sterile (100% The results of all controls showed massive growth/proliferation (the same for direct plating of suspensions and for those obtained by adhering of microorganisms to non-disinfected samples) 10 5 = 100000 colonies. This is the initial plate count for in vitro experiments.
The following null hypothesis (No) was formulated under the parametric test performed with the U -criterion for comparing the relative frequencies of sterile samples with different disinfectants for the same material: there is no difference in the effectiveness of the compared disinfectants; in case there is a difference, it is random and statistically insignifi cant. The level of signifi cance was p = 0.05. The parametric test denied the null hypothesis (No) and showed that the difference between the frequency distributions is not accidental, but is logical, i.e. the disinfectant is a factor in reducing the number of microorganisms
DISCUSSION
Compared with alginates and C-silicones, the percentage of effi ciency A-silicones is higher for all methods of disinfection for all test organisms. This is due to their better physical properties. The results are similar in terms of polyethers (Table 2 ). This confi rms the assertion 1,2,11,12 that other conditions being equal, additive silicones and polyethers should be preferred. The same is true about the effectiveness of disinfection.
Regarding the effectiveness of photodynamic disinfection of plastics with PS ZnPc1 and SiPc1 and red light 635 nm, results in percentage (%) of SP (with a few exceptions) are better than those of TP (Table 4 ). The presence of more residual monomer in SP acting toxic to microorganisms can be indicated as a cause. 13, 14 The other three methods are 100% effective in both plastic materials.
According to Egusa et al, 2008 15 the major orally transmissible pathogens are Candida, P. aeruginosa, staphylococci (including MRSA) and streptococci. None of all the tested methods for disinfection is 100% effective regarding MRSA for/in all impression materials (Table 1) . Chemical disinfection of impression materials by spraying proved to be more effective than immersion disinfection contrary to literature reports of uneven Table 3 ). The remaining methods of disinfection are 100% effective in C-silicones, A-silicones and polyethers. Disinfection of alginate is what they are inadequate at. We attribute this fi nding to the signifi cant porosity that allows the penetration of microorganisms in depth. Based on our in vitro experiments, we recommend disinfection with 0.5% solution of sodium hypochlorite; with solution of the cleaning tablets Corega Tabs Bio Formula (GSK), and photodynamic disinfection with PS GaPc1 and red light 635 nm for TP and SP in relation to the three types of test microorganisms (100% effi ciency).
The percentages of effi ciency is the highest for Zeta 7 Spray and PS GaPc1, which in our belief are the most reliable methods of disinfection of impression materials from all tested methods. Regarding the plastic materials the method of photodynamic disinfection with PS GaPc1 is equivalent to conventional disinfectants but it has advantages to hypochlorite disinfection which results in discoloration of plastics after repeated use. Besides, after immersion in hypochlorite disinfectant, some of its components are retained in the material; subsequently are irradiated inside the oral cavity and trigger adverse tissue reactions. This problem does not exist for the PS which decompose after irradiation and under the action of oxygen in the atmosphere.
CONCLUSIONS
Based on the in vitro experimental study results we can conclude that the method for photodynamic disinfection of prosthetic constructions and impressions developed and approved by us is a good alternative in the fi ght against orally transmitted diseases in prosthetic dentistry.
